Cancer stem cells expressing CD133 exist in a wide array of tumors and their identification in malignant melanoma may help refine classification, diagnosis and treatment. To study the correlation between CD133 expression in childhood melanoma and lymph node and/or visceral metastasis, we evaluated 12 cases of malignant melanoma and 12 control cases of Spitz nevus occurring in children. Double immunostaining with CD133 and Ki-67 was performed in the cases showing CD133 positivity. Three melanoma patients had lymph node metastasis and only one had multivisceral metastases; CD133 was positive only in these four patients. The Ki-67 index was lower in the CD133 þ cells in comparison with the CD133 À melanoma cells in three cases. We found no positivity for CD133 in all the Spitz nevi. CD133
Cancer stem cells, derived from clonal expansion of atypical cells, exist in a wide array of tumors and are becoming increasingly important to understand the molecular mechanisms that regulate self-renewal, differentiation and progression of metastasis. [1] [2] [3] Identification of cancer stem cells may help refine classification, diagnosis and treatment of cancers, including malignant melanoma. 4 New therapies targeting these cells, which are fundamental for tumor progression, could significantly improve the response to treatment in malignant melanoma. Therefore, it is of paramount importance to identify subpopulations of cells in malignant melanoma, exhibiting significant differences in terms of proliferation, stem cell marker expression and behavior.
1 CD133 (Prominin-1) is considered the most important cancer stem-cell-associated marker identified so far, with increased expression in the cancer stem cell fraction of a large variety of human malignancies, including malignant melanoma. 2 Cutaneous malignant melanoma is a rare disease in childhood and adolescence, constituting only 2% of melanomas and accounting for 3% of malignancies in patients younger than 20 years. 5 Spitz nevus, previously named benign juvenile melanoma by Sophie Spitz, is a benign acquired proliferation of melanocytes, commonly presenting in childhood with histopathological features that sometimes overlap with those of malignant melanoma. 6, 7 Klein et al 4 observed significant increases in the expression of the stem cell markers CD133, CD166 and nestin in primary and metastatic melanoma in comparison with their expression in banal nevi. CD133, directly or through its interaction with signaling pathways, influences cell polarity, migration and interaction of cancer stem cells with the surrounding cells and the extracellular matrix, contributing to the metastatic potential. 2 This study is, to the best of our knowledge, the first to evaluate CD133 expression in childhood malignant melanoma and Spitz nevus.
Materials and methods
Twelve pathological specimens from formalin-fixed, paraffin-embedded skin biopsies of patients with diagnosis of malignant melanoma were obtained from the archives of the Department of Pathology of our tertiary children hospital, CHU Sainte-Justine. All cases were either consultations or referrals. The same histopathological criteria used for diagnosing adult melanoma were applied for our cases of childhood melanoma. The majority of childhood melanomas were of nodular subtype, often presenting spitzoid histological features. The most useful histopathological criteria for differentiating nodular childhood melanoma from Spitz nevus are (1) lack of dermal maturation, (2) deep dermal mitoses, (3) numerous dermal mitoses, (4) atypical dermal mitoses and (5) abundant and lateral pagetoid ascension. 5 Moreover, all childhood melanoma cases were reviewed and confirmed by at least two dermatopathologists. A control group of 12 formalin-fixed, paraffin-embedded skin biopsies of patients having the diagnosis of Spitz nevus were also collected. All patients were younger than 18 years and had their biopsies done between 1990 and 2008. Spitz nevus patients were chosen as a control group because malignant melanoma can have similar features to both classic and atypical Spitz nevi and must be ruled out in all of these cases. 7 Collection of data from malignant melanoma and Spitz nevus patients' charts was carried out. The age at diagnosis, sex, location, histological diagnosis with Clark staging and Breslow depth for malignant melanoma, presence of metastasis or recurrence, duration of follow-up and evolution after diagnosis were noted. One of the malignant melanoma patients had no follow-up in our hospital and another one did not have enough pathology specimen for further evaluation and both of them were excluded from our study.
Immunohistochemical Staining
Immunohistochemical double staining method was performed on paraffin-embedded sections using ultraView Universal Alkaline Phosphatase Red Detection Kit (Ventana; Ventana Medical System, Tucson, AZ, USA) after 30 min of antigen retrieval in 951C heated buffer solution, 60 min of exposition to CD133 (Abcam, Cambridge, MA, USA) and 16 min of signal amplification. Then the ultraView Universal DAB Detection Kit (Ventana; Ventana Medical System) was used after 30 min of heat-based antigen retrieval, 16 min of exposition to an antibody against Ki-67 (Neomarkers, Lab Vision, Fremont, CA, USA) and 16 min of signal amplification. Single immunohistochemical staining method omitted the second step, using either the ultraView DAB Detection Kit or the ultraView Universal Alkaline Phosphatase Red Detection Kit.
CD133 expression was evaluated in all specimens of primary malignant melanoma and/or their metastases or recurrence, and in all specimens of Spitz nevus. Double immunostaining with CD133 and Ki-67 was performed in the cases showing CD133 positivity (Tables 1 and 2 ). Table 1 shows the malignant melanoma cases with their characteristics and their CD133 expression. Seven malignant melanoma patients were girls and 3 were boys. The mean age of these patients was 10 years. Six of the malignant melanoma were located on the lower limb. Lower extremities are known to be the most common primary site of malignant melanoma in childhood. 8 Most of the patients (7 of 10) had a Clark IV stage of their malignant melanoma. Two of the malignant melanoma patients died within 1 year of diagnosis due to progression of their disease. Three patients had lymph node metastasis and only one had multivisceral metastases. CD133 was only positive in these four patients in our study. CD133 positivity was either diffuse or focal in the primary malignant melanoma cases ( Figure 1 ) and was focally positive in the metastases cases ( Figure 2 ). In case 10, the CD133 was more positive in the lymph node metastasis in comparison with the primary malignant melanoma. (Table 2 ). In the fourth case (case number 10), the difference between the Ki-67 index in the CD133 þ and the CD133 À cells was less obvious. Table 3 shows the Spitz nevus patients with their characteristics. Nine patients were girls and three were boys. The mean age of these patients was 6 years. Half of the lesions (6 of 12) were located on the head whereas 4 were located on the lower extremity. This finding is concordant with the medical literature, in fact most Spitz nevi are known to occur on the face and lower extremities. 6 There was no positivity for CD133 in all of the Spitz nevus cases. Moreover, all of the Spitz nevi behaved in a benign manner and did not recur.
Results

Discussion
Cancers originate from cancer stem cells or tumor stem cells. 3 Cancer stem cells have been defined in a variety of human and mouse tumors. 9 These cells represent only a small fraction of cancer that possesses the capability to regenerate cancer whereas most other cancer cells lack this CD133 in childhood melanoma regenerative capability. 3 Expression of stem cell markers and the isolation of stem-like cells has recently been described in malignant melanoma. Whether melanoma stem cells are derived from melanocyte stem cells, melanocyte progenitors or more mature melanocytes that have dedifferentiated remains unclear. 7 Subpopulations expressing CD20, CD166, nestin and CD133 have been identified in melanoma tissues. 4, 9 A significantly greater percentage of malignant melanoma contained stem cells that expressed CD166, CD133 and nestin in comparison with the stem cells of banal nevi. However only nestin showed a statistical difference when comparing primary and metastatic melanomas. 4 CD133 is a transmembrane glycoprotein also known as prominin-1 because of its prominent location on the protrusion of cell membranes. 2, 9 CD133 is normally expressed on undifferentiated cells including endothelial progenitor cells, hematopoietic stem cells, fetal brainstem cells and prostate epithelial cells. 9 Its interest as a cancer stem cell marker has grown dramatically since the theory suggesting that it was able to identify a cancer-initiating subpopulation in the brain and colon. CD133 þ cells have also been found in acute and chronic myeloid leukemias, lymphoblastic lymphoma, hepatocarcinoma, prostate, pancreatic cancer, osteosarcoma and melanoma. 1, 4, 9 The role of CD133 protein as a factor serving in directing tumor growth is the subject of active scrutiny. Shmelkov et al 10 found that CD133 À cells are capable of tumorigenesis in colon cancer in mice and produce even more aggressively growing tumors than the tumors with CD133 þ cells. According to the experiment by Zabierowski et al, less than 1% of cells within metastatic melanoma express CD133. However, only the CD133 þ cells were able to induce tumors in nonobese diabetic/severe combined immunodeficiency mice, whereas the CD133 À fraction failed to regenerate tumors, indicating that only a small percentage of cells were capable of recapitulating tumor growth. 9 Cells with stable downregulation of CD133 showed decreased metastatic capacity in vivo, suggesting that CD133 is involved in the tumor cell's capacity to seed to distant sites. The residual expression of CD133 may account for the remaining metastatic capacity. 2 Another study showed that cells expressing CD133 or CD44 or both had stronger tumorigenic potential in mice than those without these molecules expression. These cells generated tumors faster and resulted in higher mortality in mice. 3 Melanoma cancer stem-cell surface molecules could be identified in melanoma biopsies and could be used as prognostic indicators. CD133 expression might be associated with an increased risk of metastasis and a worse outcome in childhood malignant melanoma. In fact, our study showed that all malignant melanoma patients, who had associated metastasis, had a positive expression of CD133. Moreover, we found stronger CD133 positivity in the metastatic lesion in comparison with the primary melanoma in case 10. The lack of CD133 positivity in all our Spitz nevus cases could be related to the benign behavior of these nevi. It is sometimes difficult to distinguish Spitz nevus from malignant melanoma and many investigators are searching for tools and techniques that may help enhance diagnostic accuracy.
7 CD133 expression might be a useful tool to suggest a malignant behavior.
The most widely used proliferation marker in pathology is Ki-67, a nuclear antigen present in all active phases of cell-cycle proliferation (G 1 , S, G 2 and M) but absent in the quiescent phase (G 0 ). Ki-67 staining is reported as positive in 13-30% of the cells in a malignant melanoma. There have been mixed results using Ki-67 as a prognostic marker in malignant melanoma. Some studies have shown an independent positive correlation between Ki-67 staining and metastatic potential and mortality only in thick melanomas; others have shown a similar correlation only in thin melanomas. Many studies have shown an increase in recurrence rate and mortality that directly correlates with increasing positivity for Ki-67; however, others have shown that this correlation is not independent of Breslow thickness or did not find any correlation at all between them. 11 Presence of CD133 þ /Ki-67 þ cells was considered a prognostic factor of disease progression and poor clinical outcome in glioblastoma multiforme patients. 12 In three of the four CD133 þ malignant melanoma cases, the comparatively lower Ki-67 index in the cancer stem cells may reflect a slower proliferation of these specific cells, possibly explaining their chemoresistance. The fourth CD133 þ malignant melanoma case (case 10) had Ki-67 indexes that were 2-3 times higher in both CD133 þ and CD133
À melanoma cells in comparison with the ones of the melanoma cells of the other three CD133 þ cases (cases 4, 5 and 9). Case 10 was the most aggressive melanoma in our series and led to the death of the patient 17 months after diagnosis. The high Ki-67 index might reflect a fast tumor progression in this case (Tables 1 and 2 ).
The clinical relevance of targeting cancer stemcell-associated genes per se is supported by recent studies targeting CD24 for treatment of colon and pancreatic cancer, and targeting CD133 by antibodydrug conjugates for the treatment of hepatocellular and gastric cancers. 2 Owing to the potential importance of CD133 þ cell populations as donor cells for cell therapy and of targeting CD133 as an anticancer strategy, a close monitoring of the proliferative activity of these cells will be required in future clinical applications.
2 ABCB5, a novel drug transporter and chemoresistance mediator, was coexpressed with CD133 in distinct tumor subpopulations in both cultured melanoma cells and clinical melanoma tumors. Tumor growth and metastasis driven by chemoresistant cancer stem cells might explain the failure of existing therapies to eradicate solid tumors consistently. 4 Recently, hepatocellular carcinoma CD133 þ cancer stem cells were found to confer chemoresistance by preferential expression of survival proteins involved in the Akt/PKB and Bcl-2 pathway; the activation of the Akt/PKB pathway being a regulator of cellular processes including apoptosis, proliferation, differentiation and metabolism. Therefore, the Akt pathway can be a target for novel antineoplastic therapies. 13 Furthermore, CD133 stem cell may pose as target for antibody-based therapies that would selectively eliminate these cells. 9 In conclusion, our study showed that CD133 þ cancer stem cell expression in childhood malignant melanoma might correlate with lymph node and/or visceral metastasis. These CD133 þ cancer stem cells may have a low proliferative Ki-67 index that might explain their chemoresistance. Further studies involving melanoma cancer stem cell lines could be useful for evaluating the importance of the P13K/ Akt signaling pathway activation in these cells. Targeting this pathway by specific inhibitors could decrease the chemoresistance of cancer stem cells in childhood malignant melanoma.
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